This paper presents an automated method for 3D character skeleton extraction that can be applied for generic 3D shapes. Our work is motivated by the skeleton-based prior work on automatic rigging focused on skeleton extraction and can automatically aligns the extracted structure to fit the 3D shape of the given 3D mesh. The body mesh can be subsequently skinned based on the extracted skeleton and thus enables rigging process. In the experiment, we apply public dataset to drive the estimated skeleton from different body shapes, as well as the real data obtained from 3D scanning systems. Satisfactory results are obtained compared to the existing approaches.
Introduction
Nowadays, most of 3D animation tools enable people to create a skeleton of a 3D model manually.
Although this technique provides great help to 3D animation, especially some strange 3D objects, it is not friendly enough to novices and time-consuming when a large number of 3D characters are in need. Apart from creating a new easy-learn and convenient system for 3D animation, automatic generation of skeletons for 3D object is also a choice. In the first paper, Wade and Parent 1 introduce an algorithm for automated construction of skeleton from mesh data. In the second paper, Baran and Popovic 2 create a system, Pinocchio, that construct a skeleton and embed it into the characters for the use of animation. 13 introduce an approach on editing mesh based on object surface.
Method 1
This section discusses the method of the first paper. The algorithm includes four steps: voxelization and distance map construction, medial surface extraction, path tree generation, and control skeleton construction.
Voxelization and distance map construction In the first step, the researchers put a 3D model in to a box that can include all the model inside. The box is divided into small cubes in same size.
The 3D distance map of the model is constructed. Figure 1 shows how to construct a 2D Euclidean distance map (EMD.The number of a square means the value of the shortest distance from the square to the boundary.
Medial surface extraction The EDM calculated in previous step is used to compute the discrete medial surface (DMS) 11 . Extraction algorithm is applied in this step. Daniellsson's 14 , and Ge and Fitzpatrick's 15 works are suggested to read for the detail on the extraction algorithm. The DMS result is show in Figure 2a .
Path tree generation In this step, the heart of the DMS is found, which is a globally central voxel in the object, shown in Figure 2a . The researchers use a breadth-first search on the DMS to find extreme points, which are the local maximum points. The procedure of path tree generation is show in Figure 2 . The researchers, using the weighted measure function below, create a centralized path in the model. The path connects the farthest point to the heart through the voxels. The dark point region in the figure is made of covered DMS voxels. The covered DMS voxels are the voxels that in the overlap sphere whose center is on the path and whose radius equals to the shortest distance between the center and models surface. Not all the extreme points are used to generate the path tree. Some of them are unqualified because the 4 Figure 2 : From a to f, they show the process of generating the path tree. The black points are path tree voxels or non-covered extreme points, the dark points are covered DMS voxels, and the grey points are non-covered DMS voxels.
shortest path from it to a cover DMS voxel is less than the threshold. Then, researchers convert the jagged the path tree into the smooth one. The conversion is displayed in Figure 3 and Figure 4 .
Control skeleton construction The researchers using the path tree to construct the skeleton. Figure 5 illustrates the method on creating the skeletal graph. Figure 6 shows the horse skeleton constructed from the path tree. The basic idea is that an edge is split into two new edges repeatedly. There is an edge between two initial end points. The researchers use the points on the tree path that connects two initial end points as split points. Each split point can generate two edges with the end points. The split point has the smallest maximum error is chosen to be the new end 
Method 2
The method of the second paper is reviewed in this section. It contains two stages: skeleton embedding and skin attachment.
Skeleton embedding The first step in this stage is discretization. The system builds a graph to represent a 3D object. Figure 7 shows the steps of creating the graph. The adaptive distance field where r means the joints in the reduced skeleton.The sample reduced skeleton, which has 7 joints, is showed in Figure 7d .
The discrete penalty function is proposed to ensure the good quality of the embedding by MRF based approach 16 . The researchers produce a penalty functions
the improper factors on the skeleton. The feature vector b is divided in to p and q where p repre-sentes the k-dimensional feature vectors of good embeddings and q does that of bad ones. Then, the researchers need to find Γ that can maximum the margin between the best "bad" embedding and the best "good" embedding. The optimization margin is defined below. Figure 8 illustrate the optimization margin. The machine learning method is used in the optimiza- tion to find a stable Γ.
The next not the last step in this stage is discrete embedding. The whole embedding start from small partial embeddings. It sounds like jigsaw puzzle. Different partial embeddings have different priority.The best optimal part is embedded first. Finally, the embedding is refined for better skeleton. Figure 9 show the embedding refinement.
Skin attachment Only embedding skeleton into the object cannot present animation. Skin attachment is required to telling how the object deforms based on the skeleton. The standard linear blend skinning method is applied to the system. The function is shown here, i w 
Result
This section shows part of result in both paper.
Result in the 1st paper The examples of result are showed in the Figure 5 , horse, octopus and jellyfish.
Result in the 2nd paper Figure 6 below shows the test results of skeleton embedding. The 13th model of the test result suggest the limitation of the system. 
